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ABSTRACT
Waisman, David J., M.S., 1985 Geology
Geology and Mineralization of the Black Pine Mine, Granite County, 
Montana (66 pp.)
Director: Ian M. Lange
The Black Pine mine is located 15 kilometers northwest of 
Philipsburg, Montana, in the John Long Mountains. The mine 
produces Ag-Cu-Pb-Zn ores from the Combination vein, a 
gently-dipping quartz-sulfide vein in the Precambrian Mount 
Shields Formation of the Missoula Group. The deposit has 
historically been interpreted as a bedding-plane fissure. This 
study demonstrates that the vein occupies one thrust fault in a 
subparallel group of four mineralized thrust faults that cut 
bedding by 10̂  to 15°. This structural setting occurs at four 
mines within the Sapphire allochthon; the Black Pine, Blue Jay, 
Sunrise, and Mountain Ram mines, a group of deposits that may 
define a region-wide thrust structure.
K-Ar age dates from the nearby Henderson-Willow Creek intrusive 
trend overlap a K-Ar sericite age date for mineralization of 63.9 
+/- 3.2 Ma in the Combination vein. These data indicate that 
thrusting in the area ended prior to mineralization and support 
the hypothesis that thrusting ceased 73 Ma in the Philipsburg 
region. A sequence of thrusting, intrusive activity and 
mineralization occurred in the Sapphire allochthon within a short 
time interval. This sequence occurred at various places in the 
allochthon but possibly at slightly different times.
Data indicating that the Black Pine mineralization is related to 
igneous activity include the occurrence of tungsten in both the 
Henderson stock and local vein systems, the chemistry of the 
Combination vein which is compatible with an hypothesized 
mineralized porphyry intrusive system at depth, and the spatial 
and temporal relationships between the intrusive trend and 
mineralization. The mineralogy of the Black Pine veins is similar 
to veins which occur distal to porphyry molybdenum systems such as 
the Ima mine in Idaho and the Elkhorn mine in Montana. Data 
collected in this study support the interpretation that Laramide 
intrusions derived hydrothermal solutions which formed the Black 
Pine veins in pre-existing thrust faults.
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INTRODUCTION
The Black Pine raine is located approximately 15 kilometers 
northwest of Philipsburg, Montana, in the John Long Mountains (figure 
1). The deposit was discovered in 1882, nearly two decades after ore 
was found in the nearby Philipsburg District (Prinz, 1967). The mine is 
owned and operated by Black Pine Mining Company, a wholly-owned 
subsidiary of Inspiration Consolidated Copper Company. The deposit has 
been mined intermittently since 1974. One thousand tons of 
Ag-Cu-Pb-Zn-W ore is produced daily from a gently dipping quartz-sulfide 
vein complex. It is mined by room and pillar methods using 20 ton
capacity, diesel powered, rubber tired trucks. Approximately 1 million
tons have been mined since 1974 and current reserves are 2 million tons. 
Mill-head grades average 5 ounces Ag per ton. Copper, lead and zinc are 
recovered with silver in the mill concentrate, but tungsten is not 
recovered.
Purpose of Investigation
The geology of the Black Pine mine was interpreted as a
bedding-plane fissure vein (Emmons and Calkins, 1913» Volin and others, 
1952). Exposures created by recent mining depict a more complex
structure. The purpose of the Black Pine mine study was to define the 
structural and stratigraphical controls of ore deposition and the timing 
of mineralization.
1
113'
M ontana
s 0 40 80 (20
km
e x p l a n a t i o nMissoula
; Drummond
/ \
/  Philipsburg TÔÔ1 Tert.-Quat.  I alluviumJ— \46®
Ki Cret, intrusive
Pa 160. seds.
P € b  PC Belt
Supergroup
113®
3)Z > -»
IsP €b s i
TQo— 30' 30—
Block Pine Mine
P€b
Philipsburg
B atholith
PCb
20
Km
114 113®
Figure 1. Index map showing location of the Black Pine mine and 
general geology of Sapphire allochthon. (Modified after 
Hyndman, 1980).
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Methods of study
Field work involved detailed mapping (1 inch = 10 feet) of
approximately 1000 meters of mine workings. The ribs were washed prior
to mapping to expose cross-sectional views of the vein. Plates 1 and 2
depict thickness, character, and small-scale geometry of the vein system 
exposed along the right rib.
Vein samples gathered randomly throughout the orebody were analyzed 
by semi-quantitative methods. These data provided chemical zoning 
information. Pétrographie examination of thin and polished sections 
revealed host rock microfabrics and paragenetic relationships of
ore-forming phases. One K-Ar age date from coarse grained sericite 
within the vein yielded the age of mineralization.
Previous studies
Emmons and Calkins(1913) briefly discussed the geology of the 
Combination mine (Black Pine mine). They concluded that the ore was in 
a bedding-plane fissure vein that "nearly everywhere conforms to the 
bedding of the country rock". They described the deposit as having a 
strike conformable to bedding, but a dip which occasionally cuts the 
strata up to 30°.
Investigations for tungsten ores by the U. S. Bureau of Mines led 
Volin and others (1952) to examine the Black Pine mine. The Bureau of 
Mines drilled 16 diamond drill holes and took numerous samples. They
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Figure 2. Map of eastern Montana and northern Idaho with outline 
of Belt basin, Sapphire allochthon and Montana Lineament. 
(Modified after Harrison and others, 1974).
report grades of 0.32% to 0.42% WO3 , which probably represent vein 
material.
Hughes mapped the surface geology of the area in 1970. He 
described the local Belt Supergroup stratigraphy and structure of the 
Henderson-Willow Creek intrusive trend north of the Black Pine mine. In 
1971 ; Hughes did a pétrographie study of the intrusive rocks and 
discussed the tectonic setting in which they occur.
REGIONAL GEOLOGY
During late Proterozoic time, sediments from several provenances 
were deposited in the Belt basin of northwestern Montana. This basin 
(figure 2), which once bordered the northwest continental coast, 
contains more than 16 kilometers of shallow marine sediments referred to 
as the Belt Supergroup (Wolcott, 1899). Belt Supergroup rocks are 
divided into the lower Belt, Ravalli, middle Belt carbonate, and 
Missoula Groups (figure 3)*
The Prichard Formation of the lower Belt consists of argillite, 
siltite, quartzite and turbidite (Finch and Baldwin, 1984). The Ravalli 
Group is divided into the lower Ravalli, which contain siltitic and 
quartzitic rocks; quartzitic red beds of the middle Ravalli; and green 
dolomitic siltite of the upper member (Conner and others, 1984). The 
middle Belt carbonate is divided into the Wallace or western facies, and 
the Helena or eastern facies. The Wallace contains argillite, quartzite 
and stromatolitic dolomite (Harrison, 1984). The Missoula Group 
consists of arkosic red bed sequences and red and green bed argillites 
(Wallace and others, 1984; Winston, 1984).
Belt sediments host various types of ore deposits in the United 
States and Canada. The Sullivan stratiform Zn-Pb-Ag shale-hosted 
orebody (Campbell and others, 1980; Ethier and others, 1976; Hamilton, 
1984) lies in Prichard equivalent strata in British Columbia, Canada. 
The Rock Creek and Troy sandstone-hosted Cu-Ag deposits of Montana
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Figure 3- Generalized stratigraphie column of the Belt 
Supergroup. (Modified after Obradovich and Peterman, 1984),
(Lange and Sherry, 1983; Hayes, 1984) are in the Revett Formation of 
the Ravalli Group. The Mount Shields Formation quartzite of the 
Missoula Group hosts the Black Pine orebody.
The Black Pine mine lies in the Sapphire tectonic block (Hyndman, 
1975, 1980). This allochthonous block consists of imbricated upper Belt 
thrust sheets which were transported east-northeastward 70 to 100 
kilometers along shallow west-southwest dipping thrust planes. This 
large (65 X 100 kilometers) allochthon is bounded on the north by thrust 
faults that lie just south of and parallel to the Montana Lineament 
(Weidman, 1965) , on the south and west by the Idaho batholith and on 
the east by the Georgetown and Philipsburg thrusts (figures 1 and 2). 
The allochthon is characterized by complex imbricated thrust sheets 
including some younger-over-older thrust faults, and tight isoclinal 
folds along the eastern edge.
East of the Georgetown thrust structural styles change; faults dip 
east, sediments are folded and overturned with axial planes dipping east 
(Baken, 1981), and the rocks are dominantly Paleozoic and Mesozoic in 
age. These rocks may have been deformed by the eastward moving Sapphire 
plate (Hyndman, 1980).
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(Generalized from Hughes, 1970).
MINE AREA GEOLOGY
The only published detailed map of the surface geology in the Black 
Pine mine area was done by Hughes (1970) (figure 4), Hughes used 
stratigraphie nomenclature established by Nelson and Dobell (I960) and 
hence referred to the quartzite of the Mount Shields Formation as the 
Bonner Quartzite. His mapping and descriptive data were used as a basis 
for this study.
Host rocks
Found in and around the mine, the Mount Shields Formation is 
divided into three members, Mount Shields 1, 2 and 3« Mount Shields 1 
is approximately 150 to 230 meters thick. It is a red to maroon 
feldspathic quartzite with interbeds of siltite and argillite. 
Argillaceous units have varying amounts of sericite and chlorite with 
minor illite. Silty beds contain quartz (50%) in a clay-rich matrix. 
Silty and argillaceous interbeds within the quartzite become sparse 
upward, establishing a gradational contact with the overlying middle 
member.
The middle Mount Shields member hosts the Black Pine orebody. It 
is a pink to red, 360 meter thick, medium-grained feldspathic quartzite. 
In places this quartzite has alternating light and dark reddish colored 
beds 1 millimeter to 3 millimeters thick. Some stopes display ripple
10
Figure 5. Photograph of ripple marks on stope back. Hammer for 
scale.
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marks where the back represents a bedding-plane (figure 5). Cross- 
bedding is rare, but small channel scours are frequently observed in 
mine exposures.
Flattened and cuspate mud chips (1 mm - 1 cm thick X 1 ram - 6 cm
long) rarely form concordant intraformational breccias in the quartzite. 
These beds are not reliable markers because they are only continuous for 
distances of 3 to 4 meters.
The quartzite strikes north to N 30° W and dips 2° to 8° southwest. 
Dips to 16° southwest were observed in the mine but were very restricted 
in extent and probably represent small folds or channel deposition in 
the member. Fractures along bedding are common as are fractures normal 
to bedding. Blocky mine exposures result from the fracture pattern.
The quartzite is composed of 75% to 85% angular to subangular 
quartz grains ranging from .05 to .10 millimeter in size. Samples 
collected underground contain between 10% and 20% sericite from altered 
feldspar grains and metamorphosed clay. Less altered feldspars are 
recognizable as plagioclase and cross-hatch twinned microcline crystals 
which make up 5% to 10% of the rock.
The upper Mount Shields member contains red siltite and argillite 
interbedded with argillaceous quartzite. This member, similar to the 
Mount Shields 1, crops out sparsely to the west of the Black Pine mine, 
where it forms dip slopes.
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Intrusive rocks
Intrusive rocks occur north of the Black Pine mine along an 
east-northeast trend defined by the Willow Creek and Henderson stocks 
(Hughes,1970). Felsic dikes with the same trend occur between them 
(Hughes, 1970, 1971). The quartz diorite to granodiorite Willow Creek
stock is 8 X 10 kilometers in size. The eastern border of the stock is 
approximately 10 kilometers west of the Black Pine mine. It is zoned 
outward from granodiorite to quartz diorite. Dacite porphyry and quartz 
latite porphyry dikes controlled by joints occur within the stock.
The Henderson stock crops out 3 kilometers to the northeast of the 
Black Pine mine. It is a quartz monzonite to granodiorite body 800 X 
300 meters in outcrop. Rhyolitic dikes cut the stock near its border. 
The dikes are apparently responsible for the widespread argillic and 
weak phyllic alteration seen in the Henderson stock. Fine grained 
scheelite is sparsely disseminated in the stock. Hundhausen (1949) and 
Cole (1949) described the tungsten potential of this scheelite-bearing 
intrusive. Hundhausen reported the Henderson stock contained a "large 
submarginal reserve of low-grade tungsten mineralization" suitable for 
open-pit mining methods. No tonnage or grades were reported.
Structure
The Black Pine mine area contains several thrust faults with 
relatively minor displacement. The Jim Leaf thrust, southwest of the
13
mine, has a stratigraphie separation of 150 to 300 meters and offset of 
"much less than one mile", according to Hughes (1970). One thrust fault 
offsets the Mount Shields 2 Member two kilometers southwest of the mine 
area (Chester Wallace, Per. Comm. 1984). The same units occur on each 
side of the fault, indicating that only a small amount of offset 
occurred.
Tertiary normal faulting followed thrusting and folding. Hughes 
(1970) divided the normal faults into early and late types. Early 
normal faults slightly preceded intrusive activity and are cut by 
plutons including the Willow Creek Stock. Late normal faults have steep 
dips to the west and exhibit strong topographic expression. In Lower 
Willow Creek late normal faults with minor displacements form en echelon 
sets.
Rock units in the Black Pine area are folded into the Marshall 
Creek syncline (Emmons and Calkins, 1913). The syncline has very gently 
dipping flanks (5-15^) and a wavelength of a few kilometers. To the 
east, the Henderson Mountain anticline forms an asymmetric fold with 
steeply dipping flanks (20-60° west and 20-30° east dips) and a 
wavelength of approximately 2 kilometers.
Other deposits in the Black Pine area
Three mines in the Sapphire allochthon have similar characteristics 
to the Black Pine mine. Their common structural setting and possible
14
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genetic relationship warrant the following brief descriptions.
The Sunrise mine worked a bedding-plane(?) (Cole, 1949) 
quartz-filled fissure in the Wallace Formation, and is adjacent and 
north of the Henderson stock. It lies 5 kilometers northeast of the 
Black Pine property and produced gold with byproduct silver, copper, and 
minor lead. At least two horizons were mineralized within the carbonate 
rocks. These were the Sunrise Queen and Russel veins which contained an 
average of 0.2 ounces gold per ton, 1.0 ounce silver per ton, and 1.5% 
Cu. Auriferous pyrite and chalcopyrite dominate the vein mineralogy. 
There is presently no underground access.
The Blue Jay mine is 6 kilometers northwest of the Black Pine mine 
and 5 kilometers approximately due west of the Sunrise mine. At the 
Blue Jay mine four subparallel, gently west-dipping quartz-sulfide veins 
occur in Mount Shields 2 quartzite (figure 6). The veins have 
approximately 200 meters of separation. Sulfide minerals include 
tetrahedrite-tennantite, pyrite, sphalerite, and galena. Huebnerite 
also occurs as coarse grains.
The Mountain Ram mine is 24 kilometers south of the Black Pine mine 
and is similar to the Sunrise mine. Four subparallel auriferous pyrite 
veins occur in the Wallace Formation. The vein mineralogy consists of 
pyrite and chalcopyrite and the grade is similar to veins in the Sunrise 
mine. It is not known whether the statigraphic position is similar at 
the two mines. The veins at the Mountain Raun mine dip south-southeast 
rather than west-southwest as at the Sunrise mine.
16
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BLACK PINE MINE GEOLOGY
The Inspiration Mining Company is presently mining the Combination 
vein, one of four subparallel veins on the Black Pine property. The 
Upper, Tim Smith, Combination, and the Onyx veins are within the Mount 
Shields 2 and are separated by 50 to 300 meters of barren quartzite 
(figure 6). Figure 7 shows the mine workings on the Combination vein 
projected to a horizontal plane. Structural contours illustrate slope 
of the workings.
Combination vein structures
The Combination vein strikes north to N 40° W and dips 15° to 22°
southwest. It has been mined along strike for 700 meters and down dip
for approximately 1000 meters. The structure is a complex of
anastamosing quartz-sulfide vein segments that individually range from 
less than 3 centimeters to over 30 centimeters in thickness, and
collectively account for a zone between 30 centimeters and 2.5 meters 
thick (plate 1).
Mine exposures often show vein segments as pancaked wedges. The 
wedges pinchout or are cut off in both directions (see near spad 218, 
Plate 1). The relationship of the drift direction and orientation of 
overlapping vein segments produces vein segment exposures difficult to 
follow for more than 20 or 30 meters.
18
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Figure 8B. Photograph of minor reverse fault in the 
vein. View looking north. Lens cap for scale.
Combination
20
The mineralized structure typically cuts bedding at angles of 
to 15°. Plate IB shows the vein system nearly normal to strike with the 
vein cutting bedding by approximately 10°. This same cross-sectional 
depiction, however, shows that Individual vein segments follow bedding 
for distances of 1 to 15 meters or more, then ramp up to successively 
higher stratigraphie levels.
Reverse low angle faulting confined within the Combination vein Is 
shown In figures 8A and 8B. Fifteen to 20 centimeter thick vein 
segments are displaced 1 to 2 meters. The 1 centimeter to 5 centimeter 
thick fault planes In these examples have been filled by quartz and the 
fault trace does not transect the hanglngwall or footwall host rock.
In Drift 4470 the vein consists of two 30 centimeter to 1 meter 
thick strands, one ramping over and completely cutting the other (figure 
9). Figure 10 shows the contact of the two large vein strands. These 
two veins are separated updlp from each other by 30 centimeter to 60 
centimeter thick lenses of host rock. The vein strands Intermingle and 
crosscut each other further updlp (see Plate 1A).
The contact where the upper vein severs the lower vein Is extremely 
sharp and unbrecclated (figure 11). The upper vein Is not faulted or 
brecclated. Indicating that the upper vein Is younger and was not 
affected during deformation of the lower vein.
A 15 centimeter to 20 centimeter thick hanging wall segment of the 
severed vein Is In contact with the upper, assumed younger vein strand. 
Though the hanging wall strand Is thinner than the footwall strand, It
21
Figure 9. Photograph of thrusted veins in drift 4470 
Photograph of right rib , lens cap for scale.
22
Figure 10. Close-up photograph of thrusted veins in drift 4470. 
Lens cap for scale.
23
Figure 11. Photomicrograph of contact zone between thrusted 
veins of Figure 9. Magnification 40X.
24
probably is part of the same vein. The thickness difference may be due 
to the location of the mine working and movement of the host rock, 
exposing a thinned part of the vein. This exposure shows a vein 
apparently bisected by a reverse fault, with the fault plane completely 
filled with quartz. This large scale feature is similar to the smaller 
scale features in drifts 4680 and 4700 described above and shown in 
figures BA and SB. The amount of offset on the larger scale feature is 
approximately 3 meters.
Banded, or ribbon style quartz fillings are common (figure 12). 
The quartz growth episodes are recognized by their comb-structures, 
formed as each successive filling grew inward from the selvages. It is 
common to see thin (1 mm to 1 cm) concordant host rock lenses sandwiched 
between vein fillings.
Angular breccia fragments and lenses of host rock occur between or 
are contained within vein segments. These host rocks are usually 
strongly silicified and bleached. Breccia is not uniformly present in 
the mineralized structure, but is more common in flatter parts of the 
vein. There appears no other obvious control on breccia occurrence. No 
gouge material accompanies breccia fragments. Commonly several 
fragments fit together into a larger original piece and there is no 
direction or preferred orientation of the fragments (figure 13).
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Figure 12. Photograph of ribbon style vein. Lens cap for scale
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Figure 13. Photograph of polished breccia sample. Coin for 
scale.
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Host rock alteration and deformation
Sericitization of the quartzite host rock is ubiquitous in the 
Mount Shields 2 member. Sericite abundance is generally consistent 
(about 5%) in rock not altered by veining and may be due to load 
metamorphism. Bleaching occurs adjacent to veins, generally outward up 
to one meter. Pétrographie examinations of bleached wall rock reveals 
an absence of hematite, and an increase in sericite (up to 20%) caused 
by alteration of detrital feldspars.
Hanging wall and footwall quartzite adjacent to the vein exhibits 
little or no compressional deformation. Reverse movement on the 
structure did not cause noticeable shearing. Rarely, foliation occurs
parallel to bedding for short distances (less than 30 cm) and for
thicknesses of less than 5 centimeters. The foliation consists of up to 
1 millimeter thick layers of fractured quartz grains forming light 
colored bands evident on freshly broken surfaces. Foliation is evident 
in hand specimen but not in thin section. Figure 14, a photomicrograph 
of foliated rock, shows very little deformation and little or no offset 
on fractured quartz grains. Minor foliation was apparently not 
accompanied by shearing.
Normal and reverse faulting
Normal faults, and less commonly reverse faults, offset the ore in
the Black Pine mine (figure 15). The faults strike N 60° E and dip
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Figure 14. Photomicrograph of foliated host rock. Foliation is 
not evident at this scale. Magnification 80X.
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Figure 15. Plan map of Black Pine mine haulages and peripheral 
outline showing normal faults and geochemical sample sites 
(in red).
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4
Figure 16. Photograph of normal fault In main haulage 
Displacement on this fault is 18 feet. Lens cap for scale.
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steeply to the northwest. Displacements on these barren structures are 
minor, but are a nuisance to mining because they displace ore. Normal 
faults displace the vein by as much as 10 meters, but offset is usually 
much less than 5 meters. Displacement on reverse faults is generally 
less than 1 meter. Splays from the main fault probably caused the 
exposure in the photograph of figure 16.
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VEIN MINERALOGY
Primary vein minerals at the Black Pine mine consist of quartz, 
tetrahedrite, galena, sphalerite, pyrite and huebnerite. Bornlte and 
chalcopyrite occur rarely as minor constituents. Supergene minerals are 
numerous and listed in Table 2. The primary vein-forming minerals often 
occur in open space, forming euhedral crystals of exceptional size (to 
10 cm or greater) and good quality. Their modes of occurrence and 
paragenetic relationships are discussed below.
Quartz
Quartz content in the (Combination vein varies from less than 25^ to 
nearly 100%. Numerous coarse comb-structures of quartz fill open spaces 
with individual quartz euhedra ranging from 1 millimeter to over 10 
centimeters in length. Coarse quartz crystals seen in section often 
display concentric overgrowths. Up to 10 vugs (those greater than 5 cm 
diameter were counted) may occur in a 3 meter exposure of the vein. The 
vugs are generally 5 centimeters to 20 centimeters in length, but may 
exceed 2 meters.
Quartz twinned by the Japan-law is common in the Combination vein 
(figure 17). These twins are crystals joined by the composition plane 
{1122} with the c-axis inclined at 84° 33' (Frondel, 1962; Kuzo,1952). 
This twin type is rare world-wide, but most occur in quartz-sulfide
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Table 1
Paragenesis of the Primary Ore-Forming Mineralogy
Early Late
Quartz ______________________________________
Huebnerite ______  ?
Pyrite ____________________
Sphalerite ____________________
Tetrahedrite ___________________
Galena ___________________
Bornite ___________________
Chalcopyrite ___________________
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Figure 17. Photograph of Japan-law twinned quartz of the 
Combination vein. Coin for scale.
35
veins (Cook, 1979). Some vugs lined with quartz crystals contain up to 
5% Japan-law twinned quartz crystals. The genetic implications are not 
known.
Tetrahedrite and Galena
Tetrahedrite, the dominant silver-bearing phase (Cameron, 1983), 
forms lineations of fine and coarse-grained crystal groups and irregular 
masses to 10 centimeters in length, surrounded by quartz. Individual 
euhedra range from less than 1 to 5 centimeters on an edge. It is often 
the dominant sulfide species present. In polished section tetrahedrite 
commonly appears with galena (figure 18) which contains minor silver 
(Cameron, 1983). Tetrahedrite grains that grow unassociated with galena 
occasionally contain rare coeval inclusions of bornite and chalcopyrite, 
which probably formed by exsolution.
Pyrite
Pyrite was the first sulfide mineral to precipitate with quartz and 
forms banded ores, coarse irregular masses, and euhedral crystals lining 
cavities. Pyrite crystals range from grains less than 1 millimeter to 
euhedra 10 centimeters across. In polished section, grains of pyrite 
are rounded and corroded by subsequent mineralizing phases. In some 
polished sections, pyrite is fragmented and veined by quartz, indicating 
precipitation of quartz after pyrite.
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Figure 18. Photomicrograph of intergrown galena and 
tetrahedrite. Magnification 40X.
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Sphalerite
Sphalerite is of resinous yellowish-brown color and forms coarse 
(0.5 cm to 4 cm) subhedral to euhedral grains in quartz. Crystals were 
not observed in vugs. It is replaced by other sulfides, or rarely 
veined by tetrahedrite. Sphalerite, like pyrite, is usually pitted and 
corroded, indicating early formation. Sphalerite abundance increases 
deeper in the mine.
Huebnerite
Brownish-red huebnerite occurs as euhedral, coarse grains or groups 
of crystals in quartz. Huebnerite crystallized within massive quartz 
and as large free standing euhedral grains up to 8 centimeters long.
Huebnerite is scattered in the vein and is rarely in contact with 
other minerals. No thin sections examined contain both huebnerite and 
sulfide minerals. Early crystallization of huebnerite is likely because 
of its occurrence with quartz at vein selvages. Examples of later 
crystallization are scarce.
Supergene mineralogy
Most supergene minerals are blue or green arsenates, phosphates and 
carbonates of copper. Table 2 lists the secondary minerals identified 
in the Combination vein (Lester Zeihen, Per, Comm. 1984). The
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Table 2
Supergene Minerals of the Black Pine Mine 
Categorized by Chemical Class 
(per. comm. Lester Zeihen, 1985)
CHEMICAL
CLASS
Arsenates
Carbonates
Native
SPECIES
adamite
arthurite
bayldonite
beudantite
clinoclase
duftite
mimetite
oliventite
FORMULA
(Zn,Cu)2(As04)(0H)
CuFe2*3 ( AsOij ) 2 ( 0, OH ) 2 • 4H2O
PbCug(AsO!|)2(OH)2
PbFeg(AsOi|)(SO!*)(OH)6
Cug(A50i|)(0H)g
CuPb(AsOi|)(OH)
Pbg(AsO^)gCl
Cu2AsOz|(OH)
pharmacosiderite KFe4(AsOy)3(OH)4* 6-7H2O
scorodite
aurichalcite 
azurite 
cerussite 
malachite
copper
silver
FeAs0 4.2H2O
(Zn,Cu)5(C03)2(OH)6
Cu3(C03)2(OH)2
PbC03
Cu2(C03) (0H)2
Cu
Ag
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CHEMICAL
CLASS
Oxides
Phosphates
Silicates
SPECIES
Table 2 
(Continued)
FORMULA
bindheimite
cuprite
goethite
pyrolucite
stibiconite
Pb2Sb20&
CU2O
FeO(OH)
Mn02
SbSb20&
psuedomalach ite CU5 ( POij ) 2 ( OH ) 4 * H2O 
pyromcrphite Pbg(P0 4)gCl
tsumebite Pb2Cu(PO4)(SO4)(OH)
veszelyi te (Cu,Zn)3(PO4)(OH)3 * 2H2O
chrysocolla 
hemimorphite 
quartz
Tungstates huebnerite 
stolzite
(Cu,Al)2H2Si205(OH)4 * nH20 
Zn4Si 20y(OH ) 2  * H2O 
Si02
MnW04
PbW04
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secondary minerals indicate conditions in the supergene environment.
Pyromorphite (Pbg (POy)^ Cl) is particularly abundant in the ore. 
Apparently meteoric waters responsible for supergene mineralization were 
phosphate-rich. These waters were probably enriched by the nearby 
Phosphoria Formation, which crops out approximately 16 kilometers to the 
northeast.
Stolzite (PbWOij) is an alteration product which is almost always 
present as disseminated grains on huebnerite. Stolzite is strongly 
fluorescent in short-wave ultraviolet radiation and was probably 
misidentified as scheelite in the past. Neither scheelite nor any 
species with calcium as the main cation have been found in the 
Combination vein.
Calcium rarely exceeds 0.1% of the vein chemistry (averages .022%). 
Minerals such as pyromorphite and stolzite allow Ca to substitute for Pb 
(Palache and others, 1951). Ionic substitutions of this kind probably 
account for the calcium content of the vein. If calcium were abundant, 
minerals such as scheelite, powellite, calcite and apatite may have 
formed.
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GEOCHRONOLOGY
Absolute rock age dates in the Black Pine area are presentee 
Table 3« Hughes (19710 determined ages from 70.6 to 73.7 Ma for st 
in the Henderson-Willow Creek intrusive trend. A K-Ar age date of 
+/- 3*2 Ma was calculated by Teledyne Isotopes from my sample of fr
coarse grained sericite in the Combination vein.
The absolute age calculated for mineralization at the Black 
mine is within the limits of precision of ages for intrusive rock 
the area. It is interesting that quartz-rauscovite vein material 
dike rocks between the Willow Creek and Henderson stocks 
radioraetrically older than the stocks. The dikes are presumed to 
differentiated igneous material from the stocks, and a contemporant 
or younger age was expected.
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Table 3
K-Ar AGE DATES OF ROCKS IN THE STUDY AREA
location material age dates (my) reference
Black Pine Mine ser 63.9 +/- 3 .2 Waisman*
Henderson stock bio 68.4 +/- 3 .4 Kendrick (1982)
Henderson stock bio 66.8 +/— 3*3 Kendrick (1982)
Henderson stock bio 69.0 +/- 3 .5 Kendrick (1982)
Henderson stock ser 69.4 +/- 3 .5 Kendrick (1982)
Willow Or. stock bio 70.6 +/- 2 .3 Hughes (1971)
Henderson stock bio 70.1 +/- 2.5 Hughes (1971)
Felsic dike muse 73.7 +/- 2.4 Hughes (I97I)
Willow Cr. vol. bio 48.7 +/- 1.7 Hughes (I97I)
* calculated by Teledyne Isotopes
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GEOCHEMISTRY
Fifty-one rock chip samples of the Combination vein were collected 
throughout the Black Pine mine (figure 15). Vangeochera Lab Limited of 
North Vancouver, British Columbia analyzed the samples for 30 elements 
by semiquantitative induced coupled plasma (ICP) geochemical technique 
(Appendix 1). The purpose of geochemical sampling was to determine 
elemental abundances, geochemical trends, and the trace element 
signature of the vein.
Element distributions in the vein were examined and the amounts in 
parts per million (ppm) of W, Ag, and ratios of Ag/Sb and Cu/Zn were 
individually plotted and contoured for all the samples collected in the 
mine. Tungsten values average 698 ppm and have the widest range of 
elemental values, from 2 to 1961 ppm W. This is explained by the 
irregular distribution of huebnerite. The occurrence of tungsten does 
not show a pattern or correlate with other elements, though higher 
values are concentrated to the north (figure 19). Huebnerite contains 
both manganese and tungsten, so manganese was expected to correlate with 
tungsten abundances, but it does not. Molybdenum was generally low in 
abundance (1 to 11 ppm), and averaged 3*9 ppm. (Average values for 
sandstone and igneous rocks are generally less than 2 ppm (Hawkes and 
Webb, 1962)). It probably occurs as trace amounts of molybdenite, or 
perhaps substitutes for Mn in huebnerite.
Cobalt can occur in pyrite and in complex As and Sb sulfosalts. In
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the Combination vein, cobalt never exceeds 2 ppm and apparently does 
occur In pyrite or other sulfides. Chromium is consistently between 
and 300 ppm, averaging 250 ppm. Although chromium is anomale 
abundant Its origin and minéralogie location are unknown.
Silver ranges from 34 ppm to 619 ppm, with SQ% of the sam 
ranging between 200 and 500 ppm. Silver is greater than 400 ppm thr. 
large areas of the mine with Isolated areas of lower concentrât 
(figure 20).
Silver/antimony ratios showed no pattern (figure 21). Areas 
isolated high and low values do not correlate with either the high 
low silver values.
Cu/Zn ratios showed an area of high concentration in most of 
lower part of the mine (figure 22). This zone is down-dip from an a 
of lower values. Supergene leaching may have enriched the lower zone 
copper-rich solutions traveled down-dlp.
Arsenic zoning is evident between the Blue Jay and Black P 
mines, a distance of approximately 5 kilometers. It is reasonable 
assume a similar genesis for these two deposits. At the Blue Jay m 
the veins are not as thick or argentiferous (veins average between 
and 60 centimeters thick but widen to 2 meters thick in places; sil 
grades range from less than one ounce per ton to over 9 ounces per to 
However, the Blue Jay deposit Is nearly identical structural 
stratlgraphlcally and mlneraloglcally to the Black Pine mine. E 
Japan-law twinned quartz, so characteristic of the Combination ve
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200
occurs at the Blue Jay property. Vein samples contain 5 to 10 times 
more arsenic than antimony at the Blue Jay mine (Blue Jay Mining Company 
private report, 1984). At the Black Pine mine antimony is much more 
abundant than arsenic. Apparently the veins at the Blue Jay mine 
contain tennantite and not tetrahedrite.
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DISCUSSION
The Black Pine study demonstrates that thrusting, intrusive and 
mineralizing events in the Sapphire allcchthon occurred within a limited 
time interval. Thrusting preceded igneous activity and mineralization 
by several million years, creating host structures for vein deposits. 
One of those, the Combination vein deposit, is a mineralized thrust 
fault, not a bedding-plane deposit as originally proposed. The date of 
mineralization and the geochemistry of the vein suggest that igneous 
activity and Black Pine mineralization are genetically related.
Timing of local geologic events
The Philipsburg batholith and Philipsburg thrust, formation of the 
Golden Spike conglomerate, mineralization of the Combination vein and 
intrusions of the Henderson-Willow Creek trend occurred between 63 and 
73 Ma (Table 4).
Relationships between thrust faulting and the Philipsburg batholith 
constrain the age of thrusting. Thrusting deformed the western phase of 
the batholith whereas the undeformed eastern phase cuts the thrust. 
Hyndman (1972, 1982) utilized K-Ar dates on biotite and hornblende to
establish the ages of the western and eastern portions of the batholith. 
Ages of 72.0 Ma and 73*^ Ma on the eastern portion, and ages of 74.0 Ma 
and 76.7 Ma on the western portion of the batholith indicate that
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TABLE 4. SEQUENCE OF EVENTS IN THE BLACK PINE MINE AREA
EVENT 80 70 60 50
Major and minor thrusts
Golden Spike cong. dep.
Philipsburg batholith 
western phase 
Last thrusting in 
Philipsburg area 
Philipsburg batholith 
eastern phase 
Early normal faults
9  9
Willow Creek stock  x__x
and dikes
Henderson stock  x
and dikes 
Combination Vein
Late normal faults
Willow Creek Volcanics x
80 70 60 50
MILLIONS OF YEARS 
X = age date, —  = limits of precision
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thrusting here ceased approximately 73 Ma (Hyndman, 1980).
Deposition of the Golden Spike conglomerate occurred 
contemporaneously with thrusting in the Philipsburg region. Uplift, 
associated with thrusting, and subsequent erosion led to deposition of 
the Golden Spike conglomerate along the edge of the thrust plates 
(Gwinn, I960; Gwinn and Mutch, 1965). The conglomerate contains clasts 
from the earliest flow of the Elkhorn Mountains Volcanics, which 
Robinson and others (1969) dated at 77 to 81 Ma. This places the end of 
thrusting at approximately 77 Ma.
Intrusive activity helps place a minimum age of 70 Ma on thrusting 
in the Black Pine mine area because the Henderson stock (66 to 70 Ma) 
cuts a thrust. Minimum ages on thrusting in the Philipsburg area 
indicate that Black Pine area thrusts developed only 3 to 7 million 
years or less before local intrusions. Intrusions older than those of 
the Henderson-Willow Creek trend may have occurred during thrusting in 
other parts of the Sapphire allochthon. If intrusions were 
contemporaneous with thrusting they may have rafted some allochthonous 
blocks, aiding in movement of the blocks.
Combination vein structure
Previous studies considered the Combination vein to be a 
bedding-plane fissure. Limited mine exposures along strike often are 
concordant to bedding (plate 2) and probably account for the historic 
misinterpretation of the whole structure. This study showed that the
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vein occupies a thrust fault that cuts bedding by as much as 10° to 15° 
and probably cuts through over 100 meters of stratigraphy in the mine. 
The lack of distinct marker beds precludes determination of the exact 
amount of crosscutting.
The thrust that the Combination vein occupies apparently has minor 
offset but formed under the same stress regime as the major thrusts 
located at deeper structural levels. The angularity of breccia 
fragments, their lack of rotation, the thinness of the breccia, and the 
absence of gouge or shear indicate little displacement occurred on the 
thrust fault. Alternatively, this may indicate low lithostatic 
pressures existed during thrusting. Frictional forces on broken 
surfaces decrease with low overlying pressures. Robertson (1983) 
thought low lithostatic pressures caused minimal breccia or gouge to 
form during thrusting in the Wolf Creek area of Montana. Abundant open 
space fillings in the Combination vein also indicate low pressures.
All of the compressional faults of the mine are not the same age. 
The minor reverse offsets in the veins (figures 8A and SB) are not 
contemporaneous with major thrusting, although the style is identical, 
because a K-Ar age of vein sericite indicates veining post-dated major 
thrusting by at least 7 million years. Veins filled the pre-existing 
low-angle thrust faults that formed during compression. Renewed stress, 
from hydrostatic pressures, or residual compressional force, caused 
reverse movement during mineralization. Reactivated pre-existing 
structures are responsible for the intra-mineral, low magnitude reverse
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offsets in the vein. Hydrostatic pressures during veining may have 
helped move the rock plates by holding solution channels open, thereby 
relieving friction. Reoccurring movement of the rocks (opening and 
reopening fractures) created the ribbon-style veins (figure 12). 
Alteration (silicification and bleaching) of host rock lenses in the 
vein also created the banded appearance. The ore zone always contains 
many individual veins, and replacement alone cannot account for the 
ribbon texture.
Igneous activity and mineralization
Vein mineralization is often related to granitic intrusive 
activity. For example. Woodcock and Hollister (1978) state that sulfide 
veins peripheral to porphyry deposits are generally the final stage of 
mineralization. These veins are sometimes referred to as the "late 
barren stage" of stockwork molybdenum deposits (Mutschler and others, 
1981).
Younger dikes adjacent to base metal veins indicate these veins 
form late in the genesis of porphyry systems (Westra and Keith, 1981). 
These veins commonly contain galena, sphalerite, pyrite, chalcopyrite, 
tetrahedrite and less often molybdenite. Lead-bismuth sulfosalts also 
may occur in the veins, often with anomalous amounts of tungsten. 
Soregaroli (1975) found that middle to late stage fracture fillings at 
the Boss Mountain molybdenum deposit in British Columbia contain
55
bismuth, tungsten and copper minerals, and the geochemistry Indicate 
paucity of molybdenum.
Permissive evidence for an igneous origin of the Black Pine 
includes:
1) temporal overlap of sericite mineralization and emplacement 
of Intrusions:
2) spatial relations between the Combination vein and proximal 
granitic intrusions;
3) occurrence of tungsten in veins and the nearby Henderson 
stock,
4) chemical compatibilty of the Black Pine ores and a 
mineralized porphyry intrusive system:
occurrence of bismuth in the Black Pine mine in amounts 
exceeding 500 ppm, abundant tungsten, and the fact that 
molybdenum is anomalous but not abundant.
A genetic igneous relationship to base metal -tungsten vein syste 
exists in deposits with characteristics similar to the Black Pine min 
including the Ima mine in Idaho and the Elkhorn mine in Montana. T 
Ima mine in the Blue Wing District is 275 kilometers due south of t
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Black Pine mine in the Lemhi range $ Idaho. Similarities between the 1 
deposit (Callahan and Lemmon, 1941) and the Black Pine orebody Include
1) 40 to 60 degree southwest dipping subparallel veins in Belt 
age quartzites;
2) veins contain quartz with huebnerite, pyrite, tetrahedrite, 
chalcopyrite, bornite, galena, sphalerite, molybdenite, and 
scheelite;
3) tetrahedrite, the main argentiferous phase, containing 
small amounts of chalcopyrite and bornite;
4) similar silver grades, and;
5) deep drilling shows that the veins occur above a porphyry 
molybdenum system in the cupola of a stock (Eric Braun, Per.
Comm., 1985).
Characteristics of the Ima mine vein system indicating it i 
genetically related to the intrusive include:
1) veins are small and lenticular away from the intrusive and 
widen near the quartzite- granodiorite contact;
2) veins continue into the intrusion, and;
3) molybdenite and fluorite, which are common constituents of
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the veins within the intrusive, have a zonal pattern; they 
become less abundant away from the intrusive body and the 
veins become richer in silver and base metals.
At the Elkhorn mine near Polaris, Montana, an intrusive phase of 
the Pioneer batholith invaded Belt age sediments and hosts 
quartz-sulfide veins (Winchell, 1914) which exhibit distinct minéralogie 
zoning. Quartz-pyrite-galena-tetrahedrite-huebnerite veins at the 300 
foot level of the mine emanate from a granodioritic intrusion containing 
abundant molybdenite veins. The molybdenum-bearing intrusion occurs 200 
to 300 vertical meters below the sulfide veins where it is exposed in 
the adit of the 1000 foot level.
If the Ima and Elkhorn mine analogies are correct, the Black Pine 
vein mineralization may also overly a molybdenum-rich porphyry system. 
The hypothetical porphyry may be below or to the southwest, down-dip 
from the Combination vein.
Exploration in the Sapphire allochthon
Potential exists in the Sapphire allochthon for discovery of
porphyry and vein-type orebodies. If major thrusting followed
intrusion, porphyry ores would not remain below the surface indicators.
However, igneous activity postdated thrusting, allowing possible
porphyry orebodies to remain intact. This justifies the use of surface
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geologic and geochemical techniques In exploration for deep targets In 
the Sapphire allochthon.
Design of an exploration model for vein-type orebodies In the 
Sapphire allochthon should consider Igneous relationships, structural 
settings and stratigraphlcal controls of known orebodies. The most 
Important exploration criterion is the structural setting of the 
proposed targets. Four subparallel vein systems define a unique 
identifiable structural setting in the Black Pine, Blue Jay, Sunrise and 
Mountain Ram mines. Scarce outcrops in the Sapphire allochthon make 
recognition of such a structural feature difficult or impossible.
Therefore, certain criteria, based upon information from known 
deposits, appear important in the location of possible hidden orebodies. 
For example, the four mines mentioned above are approximately 
equidistant from the Philipsburg thrust and define a line. These 
structures may define a region-wide zone of thrust faulting similar and 
related to the Philpsburg thrust.
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APPENDIX 1.  
ICP Geochemi cal  A n a l y s i s
U T A H  IN T E R N A T IO N A L  IN C  P R O J E C T  #  S O L U T IO N  FR O M  V A N O EO C H E M  J O t) #  0 4 - 0 4 0  F I L E  #  0 4 - 0 3 4 3
SAnPLE 1 tio Cu Pb In As Ni Co Un Fe As U Au Th Sr Cd Sb Bi '  V Cl P Li Cr Mg Bi Ti D AI Ni r N
ppm ppm ppm ppm ppm ppm ppm ppm % ppm ppm ppm ppm ppm ppm ppm ppm ppm I X ppm ppm X ppm X ppm X X I ppm
G -l 4 3043 12155 2206 458.1 8 1 151 .9 8 802 2 ND 2 4 78 3081 8 3 .03 .0 6 2 297 .0 2 271 .01 4 .16 .01 .08 1746 -2 2 3619 8057 1724 42 8 .6 5 1 255 1.65 897 2 ND 2 3 58 2175 19 3 .01 .0 5 4 203 .0 2 260 .01 4 .17 .01 .0 8 396G*3 3 4396 14084 1185 420.1 9 1 394 1.38 1197 2 ND 2 3 61 2341 31 3 .01 . .1 4 2 298 .01 444 .01 3 .05 .01 .01 8226 -4 3 4380 13489 1696 3 2 8 .2 5 I 331 .8 8 1397 2 HD 2 4 58 2879 22 2 .01 .11 2 216 .01 436 .01 4 .09 .01 .04 3446 -5 5 9110 6265 3661 40 9 .4 9 1 356 1.71 1720 2 ND 2 I 57 4202 57 3 .01 .05 2 305 .01 55 .01 4 .06 .01 .01 884
6 -6 3 8506 12742 6762 400.1 6 1 295 2 .2 4 1702 5 ND 2 1 82 4002 75 3 .01 .0 4 4 200 .0 2 29 .01 4 .2 0 .0 1 .1 0 6336 -7 4 18014 18026 3925 42 4 .8 8 1 335 1.12 3675 2 ND 2 121 5707 87 .01 .0 5 4 250 .01 93 .01 6 .19 .01 .09 6776 -8 3 27489 12011 4254 4 2 7 .5 6 1 146 1.56 6178 2 ND 2 2 155 12087 285 2 .03 .0 6 2 217 .01 04 .01 4 .11 .01 .04 746 -9 4 26748 16303 3224 388.4 B 1 4311 1.19 7698 2 ND 3 2 131 8062 40 3 .0 3 .0 9 2 308 .01 102 .01 5 .13 .01 .07 7976-1 0 2 2499 12014 7290 37 4 .0 5 1 236 .6 0 409 2 ND 2 1 130 1785 13 2 .01 .01 2 225 .01 20 .01 5 .00 .01 .03 22.
6-11 5 3033 18917 12460 21 1 .5 9 1 739 .84 701 2 ND 2 7 123 3046 15 13 .0 8 .14 2 285 .1 3 794 .01 4 .10 .01 .04 26-12 3 7122 5944 3464 41 8 .2 6 1 672 1.15 1521 2 ND 1 62 3064 15 2 .01 .0 3 2 262 .01 39 .01 4 .08 .01 .03 1176CT» 6 -1 3 3 10920 6802 7543 40 4 .2 8 1 2072 1.19 1662 3 NP 2 3 69 3229 41 3 .03 .0 6 2 247 .0 3 200 .01 4 .12 .01 .07 1206^  6-14 5 21340 23105 6824 39 5 .8 7 1 332 1.05 4732 2 ND 4 1 149 10940 30 2 .05 .0 7 2 214 .0 3 39 .01 4 .09 .01 .0 5 5525 -1 5 5 13910 6053 3840 367 .3 8 1 208 1.08 3030 2 ND 2 2 59 5221 78 2 .01 .0 4 2 265 .01 18 .01 4 .13 .01 .0 8 570
6 - lb 6 12591 14544 8904 4 4 0 .6 5 1 769 1.07 2250 2 ND 2 2 153 4655 41 8 .01 .0 6 3 108 .01 103 .01 5 .14 .01 .08 10756 -1 7 5 5072 15423 3030 49 8 .2 10 1 270 .9 2 2014 3 ND 2 3 108 3579 68 .0 2 .0 6 2 347 .01 148 .01 4 .11 .01 .05 6376 -1 8 1 9380 16200 981 44 4 .3 5 1 806 2 .6 0 4249 2 ND 2 10 77 3417 87 4 .01 .1 2 2 196 .01 274 .01 4 .09 .01 .04 19546 -1 9 6 16371 20981 1900 47 6 .3 9 1 692 2 .24 6155 2 ND 3 3 127 8544 327 6 .04 .1 4 206 .0 2 111 .01 4 .13 .01 .0 5 1103
G -20 3 9118 22017 3063 40 9 .4 5 1 283 1.41 2417 4 ND 4 1 71 5599 146 3 .01 .14 202 .01 32 .01 4 .16 .01 .0 5 82»
STD IS 100 59 62 2 .7 416 a 359 2 .04 14 2 ND 2 15 1 11 4 29 .97 .0 6 3 54 .3 5 31 .0 2 16 .53 .0 2 .13 3
6-21 3 2441 4209 424 105.4 5 1 1223 .6 0 1153 2 ND 2 1 16 1525 90 2 .01 .0 2 2 193 .01 33 .01 2 .0 2 .01 .01 464
6 -2 2 1 2043 4701 1006 147.2 1 1 171 .37 450 2 HO 2 1 31 1016 12 2 .01 .0 2 2 80 .01 23 .01 2 .05 .01 .04 240
6 -2 3 2 12868 6646 1655 31 9 .4 7 1 338 .6 3 1951 2 ND 2 4 45 2777 31 3 .03 .07 2 206 .0 2 88 .01 3 .07 .01 .04 737
6-24 1 2143 1280 336 I I I . 3 4 1 145 .5 5 689 2 ND 2 2 19 743 8 2 .01 .0 2 2 150 .01 134 .01 3 .03 .01 .0 3 62
G-25 5 11034 17995 3622 3 9 6 .5 9 1 1234 1.14 1916 4 ND 3 1 113 5789 54 3 .01 .0 6 2 296 .01 26 .01 3 .05 .01 .01 497
6 -2 6 4 22128 15269 6499 408.1 5 1 260 1.79 4511 2 NO 2 1 110 8957 141 2 .01 .1 0 2 194 .01 29 .01 3 .07 .01 .01 498
6 -2 7 4 9592 5245 1614 38 1 .4 1 71 2 .4 9 1432 2 HD 2 1 36 5203 149 5 .01 .0 5 2 261 .01 24 .01 3 .08 .01 .0 3 67
G-20 4 30583 9319 0924 346.1 5 I 931 .9 6 7333 2 ND 2 1 129 11769 141 2 .01 .1 0 2 103 .01 8 .01 2 .0 5 .01 .01 383
G-29 6 11752 27245 5232 4 0 1 .5 11 1 889 2 .3 0 3985 6 ND 5 3 349 9855 216 8 .0 6 .1 8 2 313 .04 129 .01 5 .13 .01 .0 5 257
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( C o n t i n u e d )
<Tt0»
U T A H  IN T E R N A T IO N A L IN C P R O J E C T # S O L U T IO N FR O M V A N G E O C H E M JO B # 8 4 - 0 4 0 F I L E  * B 4 - 0 3 4
SAMPLE 1 No Cu Pb In Aq Ni Co Nn Fe At U Au 4h Sr Cd Sb Si V Ca P La Cr Nq Ba l i 8 AI Ha K N
ppo p p i pp» ppa ppa p p i ppa ppa I ppa ppa ppa ppa ppa ppa ppa ppa ppa 1 Ï P 1 ppa % ppa % ppa % % % ppa
G-30 4 28227 36928 2731 61 9 .2 8 1 498 1.16 3749 2 ND 9 4 230 11791 41 .03 .1 4 350 .01 428 .01 4 ,04 .01 .01 526
6-31 9 40592 10725 7605 5 2 5 .2 10 1 1502 2 .1 2 13815 2 ND 7 4 331 10461 516 5 .09 .22 295 .0 3 121 .01 5 .0 5 .01 .01 1961
G-32 3 9588 6870 2531 26 7 .7 6 1 550 1.63 2278 2 NO 2 40 3728 127 3 .01 .0 6 213 .01 15 .01 4 .15 .01 .07 1287
6 -3 3 4 6266 14587 1331 25 5 .3 7 ! 862 2 .7 2 2266 2 ND 2 47 2884 142 5 .01 .1 2 219 .0 2 53 .01 4 .21 .01 .0 9 1424
6 -1 4 3 7744 5092 6242 15 1 .3 6 1 ISO 2.71 1472 2 ND 2 1 64 4451 126 3 .01 .0 3 236 .01 5 .01 4 .0 6 .01 .01 428
G-35 4 9699 7750 1251 49 0 .9 9 1 1444 6 .1 9 2582 3 ND 2 3 S3 8306 449 9 .01 .1 0 222 .01 31 .01 4 .1 5 .0 1 .0 3 57
6 l6 1 1431 6342 500 34 .4 7 2 1179 3 .8 8 682 5 ND 2 2 13 801 72 18 .01 .0 8 205 .01 143 .01 4 .0 9 .01 .01 247
6 -3 7 5 7066 5247 1852 2 7 6 .5 10 1 265 1.39 1778 2 ND 2 4 44 3464 33 5 .02 .0 5 127 .0 2 138 .01 4 .1 0 .01 .04 735
6-38 2 13379 5954 2387 465.1 7 1 265 1.57 2146 2 ND 2 I 53 5655 129 .01 .0 6 271 .01 25 .01 3 .0 6 .01 .01 553
6-3 9 I I  14476 15772 3441 4 2 6 .8 12 2 258 5 .7 4 2651 2 ND 2 79 6028 173 7 .01 .1 5 265 .0 2 8 .01 4 .17 .01 .0 5 1376
6 -4 0 6 20719 13826 26784 433 .4 8 1 304 3 .8 0 4693 2 ND 2 1 287 9198 244 4 .01 .0 6 195 .01 6 .01 2 .0 9 .01 .01 2
6-41 4 2487 4475 3089 155.4 14 1 106 5 .44 995 2 NO 2 1 36 1393 197 6 .01 .0 2 308 .01 6 .01 3 .1 8 .01 .0 7 83
6 -4 2 1 10342 3132 981 5 0 5 .2 9 1 569 3 .88 1312 2 ND 2 2 30 3318 218 3 .01 .0 5 256 .01 94 .01 3 .07 .01 .01 1459
6 -4 3 6 15603 10864 5965 4 4 1 .5 11 1 1216 1 .69 5993 2 ND 2 4 80 5035 98 3 .0 3 .07 346 .0 2 175 .01 4 .2 0 .01 .1 0 1872
6-4 4 3 22815 20842 4927 40 5 .6 8 1 1672 1 .60 3669 11 ND 2 4 151 7047 132 3 .04 .1 0 246 .05 164 .01 4 .1 2 .01 .0 5 446
6 -4 5 S 19688 12252 2729 5 0 6 .6 12 1 657 2 .05 3871 8 ND 2 3 90 5969 321 3 .01 .0 8 362 .01 98 .01 5 .11 .01 .0 5 767
6 -4 6 3 33306 4621 2836 49 4 .8 8 1 1694 2 .4 9 5203 10 NO 2 8 90 9382 191 4 .11 .09 259 .0 2 68 .01 3 .1 2 .01 .04 1713
6-4 7 3 3207 16199 2389 178.6 8 1 520 .51 877 4 ND 2 47 2035 9 2 .0 3 .0 8 231 .0 3 IbO .01 3 .06 .01 .04 573
6 -4 8 1 4992 6549 2057 44 1 .9 5 1 641 1.10 1411 2 ND 2 5 59 1807 19 5 .0 3 .0 5 191 .01 278 .01 4 .1 2 .01 .07 1112
6-4 9 4 12627 3077 1846 377 .3 10 1 197 1.48 2839 2 ND 2 39 4176 107 3 .04 .04 269 .01 96 .01 3 .13 .01 .0 8 724
6-5 0 8 6011 19385 3486 429.1 10 1 192 3,76 1071 2 ND 1 51 3772 367 4 .01 .10 507 .01 I I .01 3 .1 0 .01 .0 3 664
6-51 5 13115 13872 9830 382.1 10 1 338 2 .3 8 2345 2 ND 2 1 103 6352 209 3 .01 .03 27a .01 6 ,01 3 .0 8 .01 .0 3 693
SID fl-l 1 31 40 187 ,3 36 12 1006 2.75 to 2 ND 2 38 1 2 2 56 .5 9 .1 0 75 .69 282 .08 c 2 .03 .0 2 .2 0 2
